QSAR analysis based on classical Hansch approach was adopted on recently reported novel series of 2-arylidene-4-(4-phenoxy phenyl) but-3-en-4-olides as anti-inflammatory agents. The compounds were divided into training and test sets. The regression analysis demonstrated that the topological parameters kier shape order index (κ 3 ) and kiers modified-alpha shape order index (κα 3 ) are important in describing anti-inflammatory activity of butenolides. The developed QSAR model were cross validated by high q 2 values obtained by "leave one out" (LOO) method.
Introduction
Non-steroidal anti-inflammatory drugs (NSAIDS) are still the most commonly prescribed drugs world wide for the treatment of inflammatory diseases like rheumatoid arthritis, osteoarthritis, orthopedic injuries, post operative pain, acute myalgias etc. 1, 2 The butenolide system in cardiac glycoside shows cardiotonic activity. 3 The synthetic derivatives containing butenolide system reported to posess antiviral, 4, 5 antimicrobial 6 antimalarial 7 and anticancer 8 activities. The butenolides are also reported to have protein tyrosine phosphates (CDC 25) inhibitory and endogenous feeding suppressant activities. 9, 10 Recently Husain et al reported a series of butenolides with anti-inflammatory potential. 11 physicochemical properties and biological activities in chemical, environmental and pharmaceutical areas. 13 The success of QSAR approach can be explained by the insight offered into the structural determination of chemical properties, and the possibility to estimate the properties of new chemical compounds without the need to synthesize and test them .14 . Recently we have reported the development of useful QSAR models for antimicrobial activity [15] [16] [17] [18] and anti-inflammatory activity. 19 In view of above and as a part of our effort to create QSAR models that show substantial predictive promise, in the present study we report the QSAR study on anti-inflammatory activity of series of 2-arylidene-4-(4-phenoxy-phenyl)but-3-en-4-olide reported by Husain et al (Table 1 
Results and Discussion
The success of QSAR studies mainly depends whether or not the molecular descriptors chosen are appropriate to explain the biological activity. Based on our earlier studies we have used lipophilic parameter, log of octanol water partition co-efficient (log P), 20 23 Randic 24 and wiener topological indices 25 , total energy (Te) and electronic energy (Ele E) as independent variables (Table 2 ) in the present study. The independent variables are correlated with anti-inflammatory activity of series of 2-arylidene-4-(4-phenoxy-phenyl) but-3-en-4-olides. Table 2 . Calculated molecular descriptors for the compounds used in the present study
Training set
The compounds are divided into training and test sets each consisting of 19 and 10 molecules respectively. The training set is used for the model development and test set is used for the cross validation of QSAR model developed by the training set. The inter correlation among the descriptors and their correlation with anti-inflammatory activity is demonstrated by construction of a correlation matrix (Table 3) . From Table -3 , it is clear that each parameter is highly correlated with biological activity as well highly correlated with each other except with log P. The high interrelationship among the parameters indicates that they should not be combined in multiple linear regressions (MLR) which may lead to be model suffering from the problem of colinearity. 14 The multi co-linearity occurs when two independent variables are correlated with each other indicated by the change in signs of the co-efficient, a change in values of the previous coefficient, change of significant variable into insignificant one or an increase in standard error of the estimate on addition of an additional parameter to the model. The different mono-parametric models developed for the anti-inflammatory activity of butenolides are presented in Table 4 .
Among the different mono parametric models developed the model containing the topological parameter kiers shape third order index (κ 3 ) and kiers alpha modified third order shape index (κα 3 ) have high statistical significance (Eq-1 and Eq-2). Log BA = 0.197κα 3 The positive co-efficient of κα 3 in Eq-1 indicates that the anti-inflammatory potential of substituted butenolides increases with increase in the magnitude of κα 3 . The compound no.18 of training set having maximum κα 3 value of 5.96 is the most active compound (Log BA=1.76) among the training set and the compound no. 14 having a low κα 3 value 3.88 is being the least active one (Log BA=1.29). The similar trend was observed with anti-inflammatory activity of substituted butenolides and kiers third order shape index (κ 3 ). 
.865) and Eq-2 (q 2 =0.817) are indicative of their reliability in prediction of anti-inflammatory activity of substituted butenolides. The predictive ability of Eq-1 was validated by predicting the anti inflammatory activity of test set which has excluded from the development of QSAR model. The low residual activity observed in case of training as well as test sets in Table-5 indicates the reliability of the QSAR model expressed by Eq-1. Even though the number of compounds and 'rule of thumb' allowed us to go for multiparametric models the high inter-relationship among the parameters restricted us to go stick to the development of monoparametric models. Further the plot of QSAR predicted Log BA Vs observed Log BA (Figure-1) is also in favor of the model expressed by Eq-1.
The lipophilic parameter log P has showed poor correlation with the studied biological activity (Eq.3) when studied alone. Log BA = -0.007 log P + 1.427 
Conclusions
The results and discussion made above lead to the conclusion that the anti inflammatory activity of series of 2-arylidene-4-(4-phenoxy-phenyl)but-3-en-4-olides can be successfully modeled using topological indices. It was also observed that out of the topological indices selected the
Experimental Section
Anti-inflammatory activity The % inhibition of carrageenan induced paw edema was adopted from the work of Husain et al.
We have converted the % inhibition into log units for use in QSAR model development.
Calculation of molecular descriptors and regression
The calculation of molecular descriptors of substituted butenolides as well as the regression analyses were carried out using the molecular package TSAR 3D version 3.3 for windows. 26 The details of the descriptors are available in the literature [20] [21] [22] [23] [24] [25] and therefore they are not described over here.
Cross-validation
The models were cross-validated by 'leave one out' scheme 27 Where SD is the sum of squares deviation for each activity from the mean. PRESS (or predictive sum-of -squares) is the sum of the squared difference between the actual and that of the predicted values when the compound is omitted from the fitting process. The model with high q 2 value is said to have high predictability.
